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ABSTRACT 
 

 

The number of point clouds provided by LiDAR technology can be sometimes seen as a problem
in development and further processing for given purposes (e.g. Digital Terrain Model (DTM)
generation). Therefore, there is still a need to reduce the obtained big datasets. Reducing can be
done, inter alia, by reducing the size of the set or by generating the set. This paper presents two
variants of the reduction of point clouds in order to effectively generate the DTM. There is also
a  comparison of two DTMs generated on the basis of sets reduced by various methods. 
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disadvantages of these method and quality assessment
of DTMs obtained from decreased sets.   

 
1.1. GENERATION 

Generation is decreasing the size of dataset by
creating a GRID. In this method we have new points
instead of points with the original coordinates
(Gościewski, 2013; Bauer-Marschallinger et al.,
2014).  

Generation involves creating a grid of regular
figures. The grid nodes are interpolated, they have
new coordinate values.  

These coordinates are calculated on the basis of
measurement data located in vicinity of interpolated
points. For interpolation the following methods, inter
alia, can be used (Stateczny and Lubczonek, 2004):
kriging, radial basis function – multiquadric,
triangulation with linear interpolation, natural
neighbour, minimum curvature, nearest neighbour,
inverse distance to a power. 

In this study the kriging method was used. The
result of interpolation in this method is based on the
model of covariance and does not depend only on the
distance between the points (sought, and given).
Covariance model describes how to change the weight
of the measured data depending on the distance
between these points. The values of points close to
each other vary less than the points located far away
from each other. Generation leading to decreasing the
number of points in measurement set can be
conducted in various softwares, e.g. Surfer v.8,
CloudCompare v.2.6.0.  

1. INTRODUCTION 

LiDAR technology allows for the acquisition in
a short time a large amount of data - big dataset. This
data is the basis for the development of a variety of
products (e.g. DTM - Digital Terrain Model, DSM -
Digital Surface Model). Obtaining them involves the
point cloud processing carried out by different
approaches (e.g. Sithole and Vosselman, 2005; Tovari
and Pfeifer, 2005; Hebel and Stilla, 2008; Suchocki,
2009, 2013; Reitberger et al., 2009; Vosselman, 2008;
Saeedi et al., 2009; Vosselman and Maas, 2010). In
these papers methods for development of big datasets,
particularly filtration methods related to DTM
generation, are presented.  

Due to the large number of dataset obtained in
measurement there is a problem with their
development. Decreasing the number of dataset can be
done in the pre-processing stage. It is carried out in
a way as to not lose the data necessary for the proper
implementation of this objective study. Decreasing the
number of big datasets can be conducted by means of:

• generation,  
• reduction. 

 

Both methods can be used for decrease of the big
dataset. However, the effect of each is totally
different. The choice of the method depends on the
type of the data and the purpose of the study. In this
paper the effects of each method on the same set and
with the same purpose were compared. Such
comparison allowed to indicate advantages and
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• stage 3: Application of the chosen generalization
method in each strip (in the YOZ plane). 

 

An important stage is the choice of the
generalization method. For the present study, the
Visvalingam–Whyatt method (V–W) (Visvalingam
and Whyatt, 1992) has been selected. In the V–W
method a generalized line of triangles from the nearest
points is created. The surface of the calculated areas
of triangles is compared to the area of the tolerance
triangle, the size of which determines how many
points will be removed. The size of the tolerance
triangle area is established by the user on the basis of
statistical characteristics of the survey result data set.
It is possible, for example, to assume that its value
equals the area of the equilateral triangle with a side
corresponding to a minimum distance between the
points of the data set (Błaszczak, 2006). If the area of
the triangle defined on the basis of the survey results
exceeds the area of the tolerance triangle, then the
second point of the analysed triangle is maintained,
otherwise it is removed. 

 
2. MATERIALS OF THE RESEARCH 

The tested LiDAR dataset was obtained from the
Idaho Geospatial Data Clearinghouse, University of
Idaho Library (Internet access at
http://inside.uidaho.edu). LiDAR acquisition was
obtained on December 2003 by a subcontractor,
EarthData Aviation. The Navajo Chieftain was
equipped with an LH System ALS40. The LiDAR
system included an inertial measuring unit and a dual
frequency airborne GPS receiver. LiDAR data were
collected with a 2.0 - 2.2 m nominal post spacing. For
the purposes of this study, a subset containing 10 361
points was used, as presented in Figure 1. 

The selected fragment was filtered by using
adaptive TIN method (Axelsson, 2000) on own
software. As a result of the filtration, there are two
sets of data: a) the set of points showing the
topography (topographic surface dataset - TSset)
(8683 points), b) a set of points showing the
situational details (1376 points). Point clod after
filtration is shown in Figure 2. 

1.2. REDUCTION 

Reduction decreases the size of dataset by
removing some points according to given algorithm,
remaining points are original points from
measurement (Błaszczak, 2006; Błaszczak et al.,
2011a, 2011b; Chen, 2012). 

Reduction of big dataset can be conducted by
using, e.g. Cyclone v.7.3.3. This software allows for
reduction during unification of point clouds derived
from different measurement stations. Unification can
be executed with reduction – low, medium, high,
highest or no reduction at all. Point elimination is
determined mainly by spacing between them. When
object has a complex structure such approach may
lead to loss of significant points. In such situation it is
desirable to apply algorithm which adjust reduction to
the complexity of the measured object. The use of this
algorithm enables to reduce the number of points in
the point cloud with varying degrees of reduction in
different  areas. Thus, points, which are not essential
in the generation process (e.g. modeling) will be
removed from the measurement dataset. The reduction
is not random, and each point is tested a priori to
removal because of its usefulness. 

The size of the point cloud can be reduced, e.g.
by applying the algorithm for decreasing the size of
the survey result data set (Błaszczak, 2006;
Błaszczak-Bak et al., 2011a). 

The reducing algorithm for the LiDAR point
cloud, which decreases the size of point cloud, applies
known methods of cartographic generalization.
Firstly, the search strips in the XOY plane need to be
created. Detailed calculations are carried out in these
search strips. In the case of LiDAR, due to the data
acquisition method and their internal record, search
strips most frequently correspond to survey strips. The
width of the survey strips results directly from the
survey and depends on the angle of laser scanning,
altitude and flight speed. The reducing algorithm
consists of the following stages: 

• stage 1: Defining survey strips in the X0Y plane,
parallel to the 0Y axis. 

• stage 2: Selecting the method of cartographic
generalization to reduce the size of the survey
data set. 

Fig. 2 Big dataset after filtration based on adaptive
TIN Metod (source: own study in own
software). 

Fig. 1 Original big dataset (source: own study in
own software). 
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 Fig. 3 Decreased TSset  a) by means of reduction – Rset (source: own study in own software),  
b) by conducting GRID generation - Gset (source: own study in Surfer v.8). 

Table 1 Comparison of the reduction method and generation method. 

Total number of points in original LiDAR dataset  10361 
Number of terrain points in TSset 8683 

zmean = 415.984 m 
Range (R) = 14.400 m 

m0 =  3.699 m 
Reduction (Rset) Generation (Gset) 

Number of terrain points  7458 Number of terrain points 6344 
Zmean 0415.869 m Zmean 0415.916 m 
m0 0003.729 m m0 0003.751 m 
R 0014.090 m R 0014.351 m 

( )2
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mean iz z

m
k

−
=

−
                 (1)

where: zi (i=1,2…, k) – heights of the point, k – size
of the Rset or Gset, 

(c) range: R = zmax – zmin, where zmax – is a maximum
height and zmin – minimal height.  

 

The characteristics of the obtained sets (after
reduction Rset and the after generation Gset) are
shown in Table 1. 

The original set after filtering TSset consists of
8683 points. Applying the reduction method caused
a decreasing the number of the set by 1225 points
(14 %), while generating GRID – decrease by 2339
(27 %). Error m0 increased in both cases: about 3.0 cm
for a Rset and about 5.2 cm for the Gset. Zmean in the
Rset decreased by 11.5 cm, and in Gset by 6.8 cm.
Large differences are observed for parameter
R (range). R is smaller about 31cm for Rset and only
4.9 cm for Gset.  

On the basis of obtained sets three DTMs were
generated: DTM TSset (Fig. 4), DTM Rset (Fig. 5a),
DTM Gset (Fig. 5b). For all DTMs grid 1m x 1m was
adopted, so they can be compared. 

Analyzing the construction of obtained models it
can be seen that the model based on the Gset is more

3. NUMERICAL TESTS 

3.1. DECREASING THE NUMBER OF TSset 

Authors assumed, that DTM generated on the
basis of TSset is the best representation of terrain.
However, TSset is a big dataset, therefore it was
decided to decrease the set and generated DTM again
using two methods, reduction and generation. TSset
after applying reduction algorithm presented in
(Błaszczak-Bak  et  al., 2011) is shown in Figure 3a.
A set decreased by GRID generation is presented in
Figure 3b. 

In a reduction variant following parameters were
adopted: width of search strip is 5 m, surface tolerance
in V-W method is 0.08 m. In a generation variant it
was assumed, that the grid size is 5 m, and in the
interpolation points kriging method was used. Any
further reduction of the grid size resulted in an
increasing the number of points. 

 
3.2. COPMARISON OF OBTAINED DECREASED 

SETS  
To compare obtained results authors decide to

use following parameters: 

(a) mean height calculated from heights of Rset and
Gset: zmean– mean height 

(b) mean error: 
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smoothed. More details can be seen in DTM generated
from the Rset. 

 

4. COMPARISON OF OBTAINED DTMS 

On the basis of Rset and Gset two models were
generated: DTM Rset and DTM Gset, respectively.
Those DTMs were compared with the DTM based on
a TSset. Thus, differences between the obtained
surfaces were calculated for two variants: 1) the DTM
TSset – DTM Rset; 2) the DTM TSset – DTM Gset.
For comparison the following parameters were used: 

(a) ΔZmin - minimum height difference between
DTMs, 

(b) ΔZmax - the maximum height difference between
DTMs, 

(c) ΔZmean - the average height difference between
DTMs, 

(d) RMSE – root mean square error, Fig. 4 DTM TSset (source: own study in Surfer v.8).

Fig. 5 DTMs a) DTM Rset, b) DTM Gset (source: own study in Surfer v.8). 

 

The obtained results are shown in Table 2. 
Analyzing the differences between DTMs, in

particular the minimum and maximum heights, it can
be concluded that the DTM generated from the Rset in
relation to the DTM TSset differs more than DTM
Gset. Values ΔZmin and ΔZmax for the second variant
are smaller by 18.52 cm and 5.94 cm, respectively, in
comparison to first variant. However, a more
meaningful measure of the DTMs variation in
relations to DTM TSset is the variance and standard
deviation. The variation in the first variant is twice
lower than for the second variant. The standard

(e) VAR – variance, 

(f) coefficient of determination, which is the measure
of model adjustment (the closer to 1, the better
the match of the model to another model): 
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Table 2 Comparison of the DTMs generated on the basis of Rset and Gset with DTM generated from TSset. 

DTM differences ∆Zmin 
[cm] 

∆Zmax 
[cm] 

∆Zmean 
[cm] 

RMSE 
[cm] 

VAR 
[cm] 

D2 

DTM TSset – DTM Rset -37.99 26.16 -0.06 0.0040 2.49 0.970 

DTM TSset – DTM Gset -19.47 20.22  0.01 0.0061 5.84 0.980 
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Fig. 6 DTMs differences a) DTM TSset – DTM Rset, b) DTM TSset – DTM Gset (source: own study in
Surfer v.8). 

within generation. The visible in Figure 6a in the left-
bottom corner difference up to 40.00 cm can indicate
that reduction sometimes removes significant points,
particularly in close localisation of border of analyzed
area.  

 
5. CONCLUSIONS 

The paper presents two variants of the
decreasing the number of point clouds in order to
effectively generate the DTM. Both variants can be
used to reduce the size of a set. The reduced sets,
obtained by using selected methods (for reduction -
algorithm (Błaszczak et al., 2011a), for generating -
kriging method) are different in number of points in
the set and its spatial distribution. Also characteristic
of these sets as well as DMTs generated based on
them are different. 

General conclusions from the presented analyses
are as follows: 
1. The reduction method always causes a set

decreasing, a reduction degree is decided by the
user by introducing appropriate criteria for
reductions in the algorithm. 

deviation is 1.5 times smaller for the first variant. The
coefficient of determination is higher by 1 % for
reduction method. On this basis, it can be assumed
that the DTM generated on the basis of the set
decreased by reduction will be more fitted to the DTM
generated from the original set (TSset).  

Influence of reduction and generation on DTM
generation was also tested by presenting spatial
distribution of differences between DTMs (Fig. 6).  

As it can be seen, in both variants DTMs created
on the basis of decreased sets are generally
characterized by the variability of the differences in
height in the range of <-10.00cm, 10.00cm>. For the
first variant those small differences create more
compact areas, it is especially seen in the middle of
Figure 6a. It resulted from the fact, that reduction
leaves points which are characteristic for relief within
selected area. Thus, reduction allows to preserved the
relief a little better in comparison to generation
method. For both variants point areas with the altitude
differences of approx. 20.00 cm can also be observed,
however much more point areas are visible in the
second variant. It can be explained by local peaks
which are eliminated during interpolation conducted
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2. The method of GRID generation can cause
a decrease or increase of the number of points in
the point cloud. The user must select the size of
the grid to generate a set with decreased number.
User does not have a significant influence on the
result as in the reduction method. 

3. DTMs generated on the basis of a decreased sets
(Rset and Gset) can be used for further studies.
They do not depart from the DTM generated from
a TSset. However, if there is need to have more
detailed DTM, authors recommend to use of
DTM Rset. 

4. The difference of DTM surfaces DTM TSset and
DTM Gset shows that DTM Gset is  smoother
and the accuracy throughout the DTM is the
same. Analyzing the difference of DTM surfaces
DTM TSset and DTM Rset it can be assumed,
that the accuracy seems to be variable in different
areas of the DTM Rset. Although, in this study,
the accuracy of the DTM Rset is characterized by
a value of RMSE and VAR, accuracy of this
variability will be further analyze by authors. 

 

Detailed conclusions of this study are: 
1. Application of reduction method caused

a decrease in the number of set by 1225 (14 %),
while GRID generation - by 2339 (27 %). 

2. DTMs generated from Rset and Gset are similar,
however DTM Rset is more detailed, while DTM
Gset is more smoothed. 

3. RMSE is smaller for the Rset and is equal
0.004 cm. 

4. The difference in height between the DTM Rset
and DTM Gset are in range <-10.00 cm,
10.00 cm>. 
The results show that the decreased data sets can

be used to build the DTM. Such sets allow for a more
efficient and faster DTM generation. It has particular
significance in the case of very big data sets. 
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